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The aim of this study was to determine the concentration of oleocanthal in
olive pomace waste and compare this to its concentration in extra-virgin
olive oil (EVOO). The concentration of oleocanthal in freshly pressed
EVOO and its subsequent waste was analysed at early, mid and late season
harvests. Oleocanthal concentrations were quantified using high-perfor-
mance liquid chromatography–mass spectrometry. In oil, oleocanthal
concentration was as follows: 123.24 6.48mgkg1 in early harvest,
114.20 17.42mgkg1 in mid harvest and 152.22 10.54mgkg1 in
late harvest. Its concentration in waste was determined to be:
128.25 11.33mgkg1 in early harvest, 112.15 1.51mg kg1 in mid
harvest and 62.35 8.00mg kg1 in late harvest. Overall, olive pomace
waste is a valuable source of oleocanthal.
Keywords: oleocanthal; olive pomace waste; olive oil; phenolic compounds
1. Introduction
Along with Mediterranean countries such as Italy, Greece and Spain, Australia has
become a prominent producer of olive oil (Kailis & Considine, 2002). This is quite
fitting as Australians are the second largest consumers of olive oil per capita outside
the Mediterranean region (Kailis & Considine, 2002). In fulfilling consumer demand
for olive oil, one of the biggest issues faced by olive oil producing nations is the
disposal of the waste generated from olive oil production in an environmentally
sustainable way (Obied, Allen, Bedgood, Prenzler, & Robards, 2005a). In particular,
the by-product olive mill wastewater (OMWW) has been regarded as hazardous due
to its harmful effect on the environment. Phenolic compounds present in OMWW
have been shown to be phytotoxic (Cappasso, Cristinzio, Evidente, & Scognamiglio,
1992), toxic to aquatic organisms (Fiorentino et al., 2003) and difficult to decompose
(Obied et al., 2005b).
However, further research into the matter has modified this viewpoint.
Waste from olive oil production is now recognised as a source of bioactive
molecules, mainly phenolic compounds (Akar et al., 2009; Obied et al., 2005a).
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Therefore, this usually disposed by-product is a potentially valuable commodity to
the nutrition, functional food and pharmaceutical industries. Furthermore, the
utilisation of this waste as a source of oleocanthal and other phenolic compounds
may prove to be an alternative method for reducing the detrimental impact of this
waste on the environment.
Research obtained from human and animal studies (in vivo and in vitro) have
revealed that olive oil phenolic compounds possess biological activities, which have
been linked to the reduction in risk and severity of certain chronic diseases
(for review, see Cicerale, Conlan, Sinclair, & Keast, 2009b). An olive oil phenolic of
special interest due to its putative health benefiting properties is oleocanthal (also
known as ()-decarboxymethyl ligstroside aglycone and p-HPEA-EDA).
Oleocanthal belongs to the secoiridoid phenolic group and is found in quantities
ranging from 0.2 to 498mgkg1 in extra-virgin olive oil (EVOO) (Cicerale et al.,
2009b). See Figure 1 for the structure of oleocanthal. Oleocanthal has displayed
anti-inflammatory activity due to its dose-dependent ability to inhibit cyclooxygen-
ase (COX) enzymes involved in the prostaglandin biosynthesis (inflammatory)
pathway (Beauchamp et al., 2005). Thus, it has been postulated that long-term
ingestion of small chronic doses of oleocanthal may be responsible, in part, for the
low incidence of heart disease, certain cancers and other degenerative diseases
associated with the Mediterranean diet (Beauchamp et al., 2005).
The term olive oil waste can be further classified into two different waste streams,
an aqueous liquid known as OMWW and a solid waste named olive pomace waste.
Two processes are used for the extraction of oil from olives: three- and two-phase
systems. The three-phase system utilises large volumes of water in the production of
olive oil, resulting in OMWW being the main form of waste for this type of method.
More recent two-phase systems use a much smaller volume of water and therefore
the resultant waste is mainly solid (pomace) waste (Obied et al., 2005a). In Australia,
two-phase systems are commonly used (Obied et al., 2005a), and thus for this study,
olive pomace waste was examined for oleocanthal concentration. It is also important
to note that OMWWs are also rich in phenolic compounds (Visioli et al., 1999);
however due to the method used to produce the EVOO in this study, this type of
waste was not obtained and therefore not examined.
Overall, it is important to determine the concentration of oleocanthal in olive
pomace waste, as this is the main waste stream from Australian olive oil production
(Obied et al., 2005a) and this investigation has not been carried out before. Through
this knowledge, the health-promoting benefits of oleocanthal may be further utilised
from this usually disposed by-product. Hence, the aim of this research was
to examine the concentration of oleocanthal in freshly pressed EVOO and compare
Figure 1. Structure of oleocanthal.
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to that in the resultant pomace waste to determine if such waste is a valuable
source of oleocanthal.
2. Results and discussion
2.1. Oleocanthal concentration in EVOO and olive pomace waste
A repeated measures ANOVA demonstrated that there was a significant effect for
time, [F (2, 4)¼ 7.50, p50.05], and further pairwise comparisons demonstrated that
this significant difference existed between early (123.24 6.48mg kg1) and late
harvest oil (152.22 10.54mg kg1) ( p50.05). A trend towards significance was
observed between mid (114.20 17.72mg kg1) and late harvest oil
(152.22 10.54mg kg1) ( p¼ 0.06) (Table 1). No significant difference was observed
between early and mid harvest oil ( p¼ 0.57).
A repeated measures ANOVA revealed a significant effect for time
[F (2, 4)¼ 45.38, p50.05] on oleocanthal concentration in pomace waste. Pairwise
comparisons demonstrated that this significant difference ( p50.05) existed between
early (128.25 11.33mg kg1) and late harvest pomace waste (62.35 8.00mg kg1)
with a 52% decrease and mid (112.15 1.51mg kg1) and late harvest pomace waste
(62.35 8.00mg kg1) with a 45% decrease (refer to Table 1). No significant
difference was observed between early and mid harvest pomace waste ( p¼ 0.94),
with a 13% decrease in oleocanthal concentration.
The increased concentration of oleocanthal in the late harvest oil and subsequent
decrease in the late olive pomace waste may be due to the degradation of olive fruit
with increased maturation. The ripening of fleshy fruits (e.g. olives) is usually a result
of the modification and degradation of cell wall components and this increases the
softness of a fruit and hence may facilitate extraction of oleocanthal from the olive
fruit to a greater degree compared to less mature fruit (Jimenez et al., 2001).
Therefore, it appears that upon olive fruit maturation, oleocanthal partitions to a
greater degree into the oil upon processing and so a lesser quantity remains in the
pomace portion. In light of the current findings, pomace waste from early and mid
Table 1. Descriptive statistics for oleocanthal concentration in EVOO, olive pomace waste
and olive pomace waste and oil combined, for early, middle and late harvest.
Time of harvest N Mean (mgkg1) SD
EVOO
Early 3 123.24 6.48
Mid 3 114.20 17.72
Late 3 152.22 10.54
Olive pomace waste
Early 3 128.25 11.33
Mid 3 112.15 1.51
Late 3 62.35 8.00
Olive pomace waste and oil combined
Early 3 251.49 20.85
Mid 3 199.31 6.94
Late 3 214.57 17.80
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harvests appears to be the more valuable by-product for use as a source of
oleocanthal.
2.2. Total oleocanthal concentration in EVOO and olive pomace samples
A repeated measures ANOVA revealed a trend towards a significant difference in the
total concentration of oleocanthal from both EVOO and pomace waste over the
three time points of processing ( p¼ 0.055). Furthermore, a correlation analysis was
conducted to examine the relationship between time of harvest and total oleocanthal
concentration from both the oil and pomace waste. This analysis demonstrated a
strong negative correlation between the two variables (r¼0.59, n¼ 9, p50.05) with
delayed harvest time associated with decreased oleocanthal concentration
(for instance, early harvest oleocanthal concentration was 251.49 20.85mg kg1
and late harvest concentration decreased to 214.57 17.80mgkg1).
A 15% decrease in total oleocanthal concentration from both the oil and pomace
waste across harvest time (early 251.49 20.85mg kg1, mid 199.31 6.94mg kg1
and late 214.57 17.80mg kg1, see Table 1), together with a 42–85% decrease in the
additional phenolic compounds (hydroxytyrosol, oleuropein and luteolin) quantified
in this study, is in agreement with previously published data on phenolic composition
upon olive fruit maturation. In general, the concentration of most phenolic
compounds increase to a certain extent and then decrease with increased fruit
ripening (Conde, Delrot, & Geros, 2008). Therefore, olive fruit from earlier harvests
may be a better source of healthful phenolics including oleocanthal. However, the
extent to which they partition into the oil and pomace portions should be considered.
The total concentration of hydroxytryosol was: 3.78 0.70 g kg1 (early harvest),
4.05 0.79 g kg1 (mid harvest) and 2.21 0.027 g kg1 (late harvest). The total
concentration of oleuropein was: 3.00 0.37 g kg1 (early harvest), 4.8 0.63 g kg1
(mid harvest) and 0.46 0.19 g kg1 (late harvest). The total concentration of
luteolin was: 1.24 0.01 g kg1 (early harvest), 0.86 0.14 g kg1 (mid harvest) and
0.58 0.19 g kg1 (late harvest).
2.3. Value of olive pomace waste as a source of oleocanthal
Olive pomace waste appears to be a valuable, readily available alternate source of the
health-benefiting compound, oleocanthal. Hence, this usually disposed by-product is
a potentially valuable commodity to the nutritional, functional food and pharma-
ceutical industries. Extraction of phenolic compounds such as oleocanthal from
pomace waste may have the potential to reduce its toxic capacity and detriment on
the environment.
3. Experimental
3.1. Oil and pomace samples
Freshly pressed Barnea EVOO and its subsequent pomace waste were provided by
Modern Olive and Boundary Bend (Boort, Australia). The samples were obtained on
24 April 2008 (early harvest), 5 May 2008 (mid harvest) and 6 June 2008
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(late harvest). The oil samples were stored at 4C and pomace samples were frozen at
18C for up to 3 months until analysed.
3.2. Extraction and analysis
The method used for preparation and analysis of oleocanthal in olive oil and pomace
waste was modified from the method developed by Impellizzeri and Lin (2006) and
more recently, Cicerale, Conlan, Barnett, Sinclair and Keast (2009a). Briefly, in these
two studies, oleocanthal was extracted from olive oil by liquid–liquid partitioning.
Hexane and acetonitrile were added to the oil and mixed. Acetonitrile was then
removed with either the use of N2 or a rotary evaporator. The dried down extract
was mixed with methanol–water and analysed by high-performance liquid chroma-
tography (HPLC).
A stock solution (5000mgkg1) of the internal standard (ISTD)
3,5-dimethoxyphenol (Sigma–Aldrich, Castle Hill, Australia) was prepared in
methanol (Rowe Scientific, Hallam, Australia). This solution was used to spike the
oil and pomace waste samples. To quantify oleocanthal using internal calibration,
the ISTD was added to the oil and pomace waste (10 g) at a concentration of
50 mg g1. Oleocanthal concentration was expressed as 3,5-dimethoxyphenol (ISTD)
equivalents. Samples were prepared and analysed in triplicate.
3.3. Extraction of oleocanthal from oil
Oleocanthal was extracted from the oil matrix by liquid–liquid partitioning
according to the following procedure. Five millilitres of hexane (Rowe Scientific,
Hallam, Australia) were added to a centrifuge tube containing 10 g of oil. The tube
was vortexed for 1min to mix oil and hexane thoroughly. Thirty millilitres of
acetonitrile (Rowe Scientific, Hallam, Australia) (extraction solvent) were added and
then vortexed for 1min. The tube was centrifuged at 4000 rpm for 5min to separate
the solvent from the oil phase. The solvent extract was collected and placed in an
evaporator flask and the solvent was removed with use of a rotary evaporator
(Buchi, Postfach, Switzerland) at 45C and 200mbar. One millilitre of
methanol–water (HPLC grade) (1/1, v/v) was pipetted into the flask containing
the dried down extract to dissolve the residue of this extract. The extract dissolved in
methanol–water was then transferred to a centrifuge tube. Hexane (1mL) was added
to the solution to aid in the removal of any remaining oil. The tube was vortexed for
1min and then centrifuged (4000 rpm for 2min) for phase separation. The
methanol–water phase was collected and filtered (with use of a 0.45 mm filter)
(Phenomenex, Torrance, CA) for HPLC analysis.
3.4. Extraction of oleocanthal from pomace waste
Oleocanthal was extracted from the pomace matrix by liquid–liquid partitioning.
The pomace was partially thawed and a 20 g portion was snap frozen with liquid
nitrogen. The sample was then placed in a coffee grinder (Homemaker, China) and
ground to a uniform consistency. Pomace (10 g) was weighed and placed in a
546 S. Cicerale et al.
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centrifuge tube. The subsequent procedure was equivalent to that for oleocanthal
extraction from oil.
3.5. HPLC and MS conditions
Oleocanthal was separated using a 1200 Series HPLC system with solvent degasser,
quaternary pump, autosampler and diode array detector set to 278 nm (Agilent
Technologies, Blackburn, Australia). An Apollo RP-C18 column (250 4.6mm2 i.d.,
5 mm; Grace Davison, Baulkham Hills, Australia) was used for all separations at a
constant temperature of 25C using the gradients previously described (Cicerale
et al., 2009a) at a flow rate of 1mLmin1 with an injection volume of 20 mL.
Oleocanthal was identified using a 6210 MSDTOF mass spectrometer
(Agilent Technologies, Blackburn, Australia) under the following conditions:
drying gas, nitrogen (7mL1, 350C); nebuliser gas, nitrogen (15 psi); capillary
voltage 4.0 kV; vaporiser temperature, 350C; and cone voltage, 60V (Cicerale et al.,
2009a).
3.6. Statistical analyses
Multiple repeated measures ANOVA with post hoc pairwise comparisons and
Bonferroni correction (SPSS 17.0, Chicago, IL) were conducted to compare
oleocanthal concentration in EVOO, olive pomace waste and total concentration
from both the oil and waste at the time points: early, mid and late harvest. A Pearson
product–moment correlation coefficient was conducted to examine the relationship
between time of harvest and total oleocanthal concentration of both the pomace
waste and oil. Values of p50.05 were considered to be significant.
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